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GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR REGULATION OF URETERIC BUDDING 
AND GROWTH, AND OF ENTERIC INNERVATION 

Pursuant to 35 U.S. C. § 119(e), the present application claims priority 
benefit of Application Serial No. 60/021,964, filed June 27, 1996, hereby 
5 incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the effect of Glial cell-line derived 
neurotrophic factor ("GDNF") on cell differentiation and growth, in particular, on the 
growth-and differentiation of ureteric epithelial cells and neurons. 

10 BACKGROUND OF THE INVENTION 

The shapes of different organs can be explained largely by two 
fundamental characteristics of their epithelial rudiments - the pattern of branching and 
the rate of proliferation. Glial cell line-derived neurotrophic factor his recently been 
implicated in the development of metanephric ureteric epithelium (Pichel, J.G., Shen, 
15 L., Sheng, H.Z., Granholm, A.-C, Drago, J., Grinberg, A., Lee, E.J., Huang, S.P., 
Saarma, M., Hoffer, B.J.. Sariola, H. and Westphal, H. (1996). Nature (London) 
382, 73-76; Sanchez, M.P., Silo-Santiago, I., Frisen, J., He, B., Lira, S.A. and 
Barbacid, M. (1996). Nature (London) 382, 70-73; Vega, Q.C., Worby, C.A., 
Lehner,:M.S., Dixon, J.E. and Dressier, G.R (1996). Proc. Natl. Acad. Sci. 
20 (USA)93 y 10657-10661). 

Development of the ureter and urinary collecting duct system of the 
metanephric kidney is first triggered by a signal from the nephrogenic mesenchyme. 
This signal induces the nearby Wolffian duct to produce an outgrowth, the ureteric 
bud, which then elongates, invades the mesenchyme, and undergoes dichotomous 
25 divisions. Its tips induce condensation and epithelial conversion of the mesenchyme 
into excretory tubules (reviewed by Saxen, 1987). Kidney tubule induction and 
ureteric morphogenesis are regulated reciprocally (Grobstein, 1953; 1955). Attempts 



WO 97/49798 

PCT/IB97/00939 



2 - 



to .dentify the signals involved have traditionally concentrated on the induction of 
epithelial differentiation of kidney tubules, and some interesting candidate molecules 
have been identified (Kreidberg et al., 1993; Stark et al., 1994; Dudley et al 1995 
Luo et al., 1995; Perantoni et al. 1995; Torres et al., 1995; Vukieevic et al '1996)' 
5 Less is known about the control of ureteric bud growth and differentiation, although 
some growth factors, such as hepatocyte growth factor/scatter factor (HGF) (Santos et 
al., 1994; Woolf et al., 1995), transforming growth factor-/?! (TGF01) (Rilvos et al 
1995), and extracellular matrix molecules (Davis et al., 1995) have been implicated in 
the regulation of its growth and branching. Moreover, HGF has been shown to 
10 regulate branching morphogenesis of kidney-derived Madin-Darby canine kidney 
(MDCK) epithelial cells in collagen-matrix cultures (Montesano et al., 1991a). 

Recent data have shown that glial cell line-derived neurotrophic factor 
(GDNF) is expressed in the condensing mesenchyme that surrounds the developing 
ureteric system of kidneys (Hellmich et al., 1996; Suvanto et al.. 1996) GDNF is a 
15 d,stant member of the TGF/3 superfamily (Lin et al., 1993) and maintains 

dopaminergic, noradrenergic and motor neurones of the central nervous system (Lin et 
al.. 1993; Tomac et al., 1995; Arenas et al., 1995; Henderson et al 1994- 
Oppenheim et al., 1995; Van et al., 1995) as well as various sub-populations of the 
penpheral sensory and sympathetic neurones (Henderson et al., 1994; Buj-Bello et al 
20 1995; Ebendal et al., 1995; Trupp et al., 1995). 

One known receptor for GDNF is the cRet receptor tyrosine kinase 
(Takahashi et al., 1988; Trupp et al., 1996; Durbec et al., 1996), which is expressed 
m several tissues adjacent to sites of GDNF synthesis and it is autophosphorylated 
upon GDNF binding. The functional receptor complex of GDNF and cRet additionally 
25 mcludes novel type of glycosylphosphatidylinositol-lined (GPI) cell surface receptors 
GDNFR-a (Jing et al., 1996; Treanor et al., 1996) or GDNFR-/3 (Suvanto et al 
1997; also named TGF-/J-related neurotrophic factor receptor, TmR2; Baloh et al' 
1997). Comparative analysis of GDNFR-a, GDNFR-0 and cRet expression suggests 
that multiple receptor complexes exist in vivo (Baloh et al. 1997, Suvanto et al 1997) 
30 The ligand specificities of GDNFR-a and GDNFR-0 have not yet been fully resolved 
but they bind both GDNF and its novel homologue neurturin (Kotzbauer et al 1996) ' 



I. 



WO 97/49798 PCT/IB97/00939 

- 3 - 

and both these GPMinked receptors can mediate growth factor signaling via cRet 

(Baiohet al., 1997). 

Transgenic mice deficient for GDNF, and those deficient for cRet, show 
remarkably similar phenotypes that are characterized by a severe defect in intestinal 
5 innervation, and renal aplasia or hypodysplasia (Pichel et al., 1996; Schuchardt et al., 
1994; 1996). This observation, together with those from antibody inhibition 
experiments (Vega et al., 1996), suggests strongly that GDNF and cRet play a major 
role in development of renal epithelia. We disclose herein the target cell types and 
developmental functions of GDNF in kidney morphogenesis. 



10 SUMMARY OF THE INVENTION 

In one aspect, the present invention relates to a method for maintaining 
ureteric cells in culture. 

In another aspect, the present invention relates to a method for 
preventing apoptosis of ureteric cells. 
15 in still another aspect, the present invention relates to a method for 

stimulating ureteric budding of the Wolffian duct. 

In yet another aspect, the present invention relates to a method for 
stimulating ureteric branching. 

In a further aspect, the present invention relates to a method for treating 
20 Hirschsprung disease and renal dysplasia. 

In yet a further aspect, the present invention relates to a method for 
stimulating axonal outgrowth of neuronal cells. 

In still a further aspect, the present invention relates to a method for 
stimulating adhesion between ureteric cells. 
25 In a still further aspect, the present invention relates to a method for 

stimulating the formation of basal lamina on ureteric cells. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The file of this patent contains at least one drawing executed in color. 
Copies of this patent with color drawing(s) will be provided by the Patent and 
30 Trademark Office upon request and payment of the necessary fee. 



10 



WO 97/49798 

PCT7IB97/00939 

- 4 - 

Figures 1A-H. cRNA in situ hybridization of GDNF and GDNF receptor mRNAs 
and GDNF binding to the E r 17 metanephric kidney. A. cRet transcripts are seen only 
m the.tros of the branches of the ureteric tree but not in the mesenchyme. B. 
Corresponding dark field image. C . GDNFR-cc mRNA is expressed by both the ureteric 
epithelium,and metanephric mesenchyme. D. Corresponding dark field image E 
GDNF cRNA is expressed by the pretubular mesenchyme. F. Corresponding dark field 
image. G. ,25 I-GDNF binds to the tips of ureteric epithelium, but neither to the other 
segments of the ureter nor medullary structures. H. Corresponding dark field image 
Insert: 250-fold excess of unlabeled GDNF competes out the '"1-GDNF-binding mes- 
condensing metanephrogenic mesenchyme, ub=ti P of the ureteric epithelium bar 200 
Urn, insert ; 40 \xm. 
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20 



25 



30 



Figures 2A;H. The effect of GDNF on branching of the ureteric epithelium in 
metanephric kidney and urogenital explants. Cell-type markers: cytokeratin-8 (red, 
branches or the ureter bud and Wolffian duct) and brush border epitopes (green, 
secretory nephrons) (A. and B.), rhodamine-conjugated DB-lectin (branches of the 
ureter bud and Wolffian duct, C.-F. ) and LI neural cell adhesion molecule (branches 
of the ureter bud, Wolffian duct and neuronal cells, G.) and cytokeratin- 1 8 (branches of 
the ureter bud and Wolffian duct, H.). A. A metanephric kidney from E r 13 cultured 
with BSA-soaked bead with a normal branch pattern after two days in culture. B. 
Distortion of branching around a GDNF-soaked bead in a corresponding kidney explant 
The nearby branches are distorted and show irregular branches pattern. C. Induction of 
a new bud (arrow) from the Wolffian duct in the caudal mesonephric area. D. 
Induction of a heterologous, abnormally broad bud from the cranial mesonephric area 
by a GDNF-soaked bead in an E r 13 urogenital explant after two days in culture. E. 
Failure to induce supernumerary buds by a HGF-soaked and F. TGFp 1 -soaked bead 
from the E r 13 Wolffian duct. G. GDNF-soaked beads induce no supernumerary buds 
from the Wolffian ducts in the mice deficient for cRet. H. Corresponding wild type 
mouse explant showing supernumerary buds form the Wolffian duct (arrow), similar to 
those seen in rat. Note that also the nearest branches from the ureteric epithelium (*) 
are directed towards the bead. Ub= tip of the ureteric epithelium, Wd= Wolffian duct 
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Beads are surrounded with dashed line. Bar: A. and B. 100 urn, C D., E. and F. 200 
um, G. and H. 80 urn. 

Figures 3A-J. The effect of GDNF on the epithelial morphology and 

adhesiveness of two ureteric buds growing in hanging drop culture (at 24 hours). 
5 Stereomicroscopic imagines (A., C, and E.) , whole-mount immunohistochemisty for 
LI neural cell adhesion molecule (B., D. and F.) and electron microscopic analysis (G.- 
J.). Note that A. and B. depict only one unfused bud from the control culture, C. and 
D. two fusing buds growing with 50 ng/ml of GDNF, and E. and F. two fusing buds 
growing with 50 ng/ml HGF. 
10 A. Two ureteric buds without exogenous growth factors are shedding cells. B. LI 
staining shows the disorganized pattern of a bud remnant without exogenous growth 
factors. C. and D. The two buds growing in GDNF or E. and F. in HGF maintain their 
epithelial, balloon-shaped morphology and regularly fuse in the hanging drop. G. 
Transmission electron microscopic analysis of ureteric buds growing without exogenous 
15 growth factors or, H., with 50 ng/ml of HFG shows tight junctions but no basal lamina. 
I. In 50 ng/ml of GDNF the bud is surrounded by a thin basal lamina (arrows), J., 
resembling lamina densa at the tip of a normal ureteric bud. ub= ureter bud. Bar A., 
C. and E. 200 \im B M D. and F. 400iim, G.-J. 200 nm. 

Figure 4. The number of cells in a ureteric bud from E r 13 kidney (day 0, n=24) 
20 grown for 24 hours (day 1) with or without 50 ng/ml of GDNF or HGF (n=20 in each 
media). No difference is seen in the cell number in any media. 

Figures 5A-E. Induction of branching by GDNF in desulphated kidneys where 

normal branching is disrupted. All explants were cultured for 3 days. Markers for 
ureteric buds and Wolffian duct: calbindin-D-28k (B, C, and D) and LI neural cell 
25 adhesion molecule (E). 

A. Western blotting analysis with antibodies against mouse cRet and GDNF shows that 
GDNF (right), but not cRet (left), is down-regulated in desulphated kidneys treated in 
chlorate. B. With desulphation ureteric branching morphogenesis is disrupted. C. 50 
ng/ml GDNF promotes short branches in desulphated kidneys. D. A kidney with 
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d=su,phauo„ and 50 ng/ml GDNF and ,00 ng/m, HGF. E. A desulphated kidney 

T h K a8arOK bead NO ' C *- "» ~«* are dZ.eC 

towards the bead. ub= ureteric k„a uireciea 

duct. Bar: 250^. ' —«*»■* Wd=Wo, ffiim 

5 F ig „ res 6A.E. The effects of GDNF and HGF on ureteric branching 

b ^ ttro,080US Ceii-type markers: laminin (A ^ c 

and E, ^ D ,, ccnn ^ A . Lmg ^^.^ recombination 1 

« hours ,„ culture with 50 ng/m. GDNF shows extensive ure t eric branching. 
™dary branches are seen. B . Similar ^ ^ 5Q * - 

:zr~ b ud re r ina,ion v " hou * — — — — - 

branches. D. Limb mesenchyme-ureteric bud recombination with 50 ng/ml GDNF E 
Sahvary.mesenchyme-ure.eric bud recombination with 50 ng/m, GDNF ub = Z^' 
bud, mes= mesenchyme. Bar 200jxm. 



DETAILED DESCMPTION 

15 in .hen™ have analyzed the target cell types and the mode of action of GDNF 

- the meunephnc ,od„ey. As disposed herein. GDNF can induce ureteric bud 
fonna,,o„ from the Woifftan duct no, oniy in the meta^ but als0 ^ ^ 

buidtng and branching morphogenesis retires cRet, and it does not take pie in 
20 ^--^» c R e.-def,cien,m.ce by GDNF-beads. As aiso discioL el 
^ZZ *~ *" ~ ' ^e-dependen. man^r on 1 

^ hangmg drop culture, it u characterized by decreased apop,osis, incased ' 

2s r secre,ion of basai ^ Md - - ~ - - 

Auhough the rnainienance and cell adhesion responses are directly 
medtated by GDNF, the boning response , GDNF is comply depend^ on 
unknown mesenchyme^erived effec,or( s ,. possibiy on mesenchyme-derL 
extracellular matrix molecules or growth frrmrc -n, 
m , rowth factors. These growth-promoting signals are 

.eir;r ,o sorae t by Iung — but n °' *• — — - 

•ested. The „s S ue recomb.na.ion data show runner that the ureteric branching ca „ be 
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triggered by TGF/31 and HGF, which implies redundancy in the regulation of ureteric 
differentiation. However, unlike GDNF, these growth factors do not direct the growth 
of the branches and do not promote budding from Wolffian ducts. 

Thus, GDNF promotes ureteric morphogenesis by priming the Wolffian 
5 duct for bud initiation, perhaps by increasing cell adhesion in the target tissue and 
inducing wnt-11 expression. Besides GDNF and cRet, wnt-11 is also required for 
ureteric branching morphogenesis (Kispert et al., 1996). Thereafter, bud elongation 
may be promoted by other mesenchyme-derived effectors that may include HGF, 
TGF01 and extracellular matrix molecules. 
10 in developing kidneys, GDNF is expressed exclusively by the pretubular 

metanephric mesenchyme. It becomes bound to its target tissue, the tips of the ureteric 
epithelium, where the branches of the collecting ducts are continuously being formed. 
Although one of its receptors, the GPI-linked protein GDNFR-a (Jung et al, 1996; 
Treanor et al., 1996), is expressed in both metanephric mesenchyme and ureteric bud, 
15 we could only verify GDNF binding to the tips of the ureteric branches where the cRet 
receptor tyrosine kinase is expressed. Furthermore, metanephric kidneys of mice 
deficient for cRet (Schuchardt et al., 1994, 1996) did not respond to GDNF. These 
data show that the ureteric epithelium is the main target cell type of GDNF in the 
embryonic kidney. 

20 Previous studies with GDNF-deficient mice (Pichel et al, 1996; Treanor 

et al. 1996) and with neutralizing antibodies to GDNF (Vega et al, 1996) have shown 
that GDNF is necessary for development of the ureteric bud. In our experiments 
supernumerary budding from the Wolffian duct was induced by GDNF-soaked agarose 
beads, initially suggesting that GDNF could act as a mitogen upon the epithelial cells. 
25 However, isolated ureteric buds did not respond to GDNF by increasing cell 
proliferation, but by maintaining their epithelial morphology, showing increased 
adhesiveness, and extracellular matrix synthesis. This observation is consistent with 
the data of Liu et al. 1996, who showed that cRet modulates extracellular matrix 
synthesis by ureteric cells. Still, the mechanism and mediators of the increased cell 
30 adhesion remain to be elucidated. They may include wnt-11, a member of the wnt 
family of signal transducing molecules that could be up-regulated by GDNF in the 
Wolffian duct. Interestingly, wnts regulate cell adhesion and signal transduction 
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through cadhertas at* catenios (revieWK , „ y ^ 

*— * «■ «™ar pan (reviewed by tJ^ZT 3 
be involved in the «„ adhesion/sigMl ™> - «** 

exogenous GDNF T„e „ *«*!■•« of early ureteric buds without 

.0 nJuZ!!! — "*™ SUPP — * Containing 

gdnT SUPPOrttd branchtog °' ^ —* ^wing L 

GDNF can promote branching wnen combined ^ a ^ «- 

mesenchyme. It has been shown that i„«„ . croiogous 

maintains w„,.„ expression 1^ 7 7° ^ - 
express™ of the Ops of the ureteric bud (Kispert et al 19 96 > w„ 
*pea.ed these experiments and show that, in our cuhure system ^ e *' 
15 tesponse .s cnticaUy dependent on the stage o, the bud. Orty ,a,e T ZlTh „ 
undergo branching without exogenous GDNF. ^ * 

.umed ou, to be 0 ™" " hetero '° 8 ° US n,eSenChy ' neS "» *"*>°" «» <™«= -ion 
turned out to be very restncted. Tooth, saiivary, and ,imb mesenchyn.es did not 

support ureteric branching even with GDNF (^though lim b mesenchyme or 
20 tnstance, show endogenous GDNF expression; Wright and Snider Gu 

-enchyme, a rich source of GDNF. did no, support ureteric branch "Le 

^suggest that „ either gu, sahvary giand, tooth, and ,imb meseLymTa,, 
. factor essenttal for ureteric branching or 2, they inhibit the GDNF rell 

for example, by competing out GDNF fr^m response, 
25 is unhfceiy because GDNF test d u jt Z "'^ ^ *"* " 

30 (Treanor e, al. 1996. Baloh e. al. ,997. Suvanto e( a KQr or GDNFR£ 

funher the necessity for many simultaneous* J,i' ff I 
branching morphogenesis ? '° Pr ° mOK 
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In ureteric bud-lung mesenchyme recombination cultures, the branching 
response of ureter bud was promoted not only by GDNF, but also by TGF01 or HGF. 
However, unlike mice lacking GDNF (Pichel et al., 1996; Sanchez et al., 1996), 
mutant mice lacking TGF-01 or HGF (Shull et al, 1992; Schmidt et al., 1995) show no 
5 apparent defects in kidney morphogenesis, suggesting that these molecules are not 
necessary for, or redundant in, kidney development in vivo. Tissue culture studies 
(Ritvos et al, 1995; Woolf et al, 1995), antibody inhibition experiments (Woolf et al, 
1995) and studies with desulphated kidneys (Davies et al, 1995) have indicated roles 
for these growth factors in regulation of ureteric growth. Our data suggest that they 
10 act later than GDNF because, unlike GDNF, they did not initiate buds from the 
Wolffian duct inside or outside the normal nephrogenic area. 

Sulphated glycosaminoglycans ("GAGs") of the extracellular matrix are 
important to ureteric bud growth and branching. The ureteric buds of kidneys 
deprived of sulphated GAGs show neither growth nor branching. HGF has been 
15 reported to elongate ureteric epithelium in desulphated kidneys (Davies et al, 1995) and 
antibodies to HGF inhibit kidney morphogenesis in organ culture (Woolf et al, 1995). 
We therefore tested the ability of GDNF and HGF to restore ureteric morphogenesis to 
kidney rudiments deprived of sulphated GAGs, but new branches grew only very little. 
Because HGF did not sigiuficantly elongate the branches when added together with 
20 GDNF, unidentified growth-promoting molecules may act between GDNF and HGF 
response. 

We could not induce branching of the isolated ureteric buds, deprived of 
mesenchymal support in hanging drop or collagen gel cultures, with GDNF, HGF or 
TGF01. This further suggests that additional growth factors or sulphated GAGs from 
25 the mesenchymal cells are needed to complete ureteric morphogenesis. Sulphated 
GAGs in the extracellular matrix may be needed for GDNF synthesis or to attach 
GDNF to the matrix, since in desulphated kidneys GDNF protein levels were down 
regulated, although the mesenchyme is induced and differentiates (Davies et al, 1995). 

Activation of the cRet receptor tyrosine kinase is mitogenic for some 
30 cells (Santoro et al, 1994). In neuroblastoma cells lines, for example, cRet utilizes the 
MAP-kinase signaling pathway to activate cell proliferation (Worby et al. 1996). We 
evaluated the possible mitogenic effects of GDNF on ureteric epithelial cells growing 
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dependent mode of action of GDNF. We could verify it in both tissue recombination 
and urogenital block cultures, in which all other conditions, except the concentration of 
GDNF, remained the same. In urogenital block cultures the directed growth was 
observed not only in the metanephric region but also in the more cranial segments of 
5 the Wolffian duct. These data suggest that, if other mesenchyme-derived factors 

determine the orientation of buds, they should be general and permissive in nature, such 
as mitogenic growth factors in extracellular matrix molecules. 

In summary, GDNF fulfils the criteria to be an important kidney inducer 
that acts early in the initiation of ureteric bud development. The growth factor shows 
10 expression and binding patterns compatible with its apparent role in the kidney, and it 
has a clearly defined function in the ureteric morphogenesis. HGF and TGFpi show, m 
part, similar biological effects on ureteric epithelium, but they lack some specific 
characteristics of GDNF. They neither induce bud formation from the Wolffian duct 
nor promote the basal lamina synthesis by the ureteric bud. These differences suggest 
15 that they act downstream to GDNF and represent the expanding set of mesenchyme- 
derived growth factors with overlapping, partially redundant developmental functions. 

Agarose beads soaked in GDNF also had an effect upon axonal 
outgrowth by neuroblasts in embryonic explants from wild-type embryos. A large 
number of axons were observed growing towards and, eventually, encapsulating the 
20 GDNF-soaked beads. Similar results were not observed in explants ret. k homozygous 
embryos, suggesting that the lack of response is exclusively due to the absence of c-ret 
receptor tyrosine kinase, and that normal c-ret functioning is necessary for GDNF 
signaling in the peripheral nervous system. 

The foregoing indicates that, not only is GDNF essential for kidney 
25 morphogenesis, but also for the development of the peripheral nervous system. 

Additional studies, using GDNF knockout mice, confirm that GDNF is essential for 
ureteric budding and branching, as well as indicate that GDNF is essential for 
innervation of the gastrointestinal tract. Homozygous GDNF knockout mice were 
essentially devoid of enteric parasympathetic cholinergic ganglion cells. 
30 Some human genetic disorders, i.e., Hirschsprung disease, are 

characterized by defects in gastrointestinal innervation. Mutations in the human ret 
locus have been demonstrated in some familial forms Hirschsprung disease. The loss 
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embryonic day 0 (E r 0). The gestation stage was further estimated by the size of the 
limb buds and the stage of the kidney was verified visually under a stereo-microscope 
after dissection. In desulphation experiments, E m ll mouse kidney rudiments were also 
used. Generation of the transgenic mice deficient for cRet has been described in 
5 Schuchardt et al. (1994, 1996). 

Organ culture 

Microdissection was used to isolate the following tissues; early mouse 
E m 11 bud-negative metanephric mesenchymes with adjacent Wolffian ducts, mouse E m 
11 bud-stage kidney rudiments; rat E r 13 bud-and T-bud-stage metanephric kidneys; 
10 and E r 13 whole urogenital blocks (including metanephric kidney, Wolffian duct, genital 
ridge and mesonephros). These tissues were then cultured in Trowell-type dishes 
either intact or as separated nephrogenic mesenchymes and ureteric buds, separation 
being performed using 0.25% pancreatin-trypsin. Two types of culture media were 
used; a) MEM (Eagle's Minimum Essential Medium, Gibco) supplemented with 5-10% 
15 fetal bovine serum (FBS) (Bioclear), b) I-MEM (Improved Eagle's Minimum Essential 
Medium, Gibco), originally based on MEM modified by Richter et al. (1972) 
supplemented with 50 /xg/ml iron-loaded transferrin instead of serum (Ekblom et al., 
1983). For the tissue recombinant cultures different mesenchymes (lung, salivary 
gland, limb, and gut) from E r 13 to E r 14 rats and tooth mesenchyme from E m ll mouse 
20 were separated with pancreatin-trypsin from their respective epithelia, and cultured in 
recombination with isolated ureteric buds. Organs were cultured on Nuclepore filters 
(pore-size 1 /xm or 0.1 /mi; Costar) placed on top of a metal grid in a Trowell-type 
organ culture. Separated ureteric buds were also cultured in 30 yA drops of medium 
hanging from a lid of a Petri dish (Nunclon), the bottom of the dish being filled with 
25 sterile phosphate buffered saline (PBS). The microdissection and tissue culture 

techniques have been described in detail by Saxen and Lehtonen (1987), incorporated 
herein by reference. 

Growth Factors 

Human recombinant GDNF was provided by PeproTech Inc. and 
30 Promega. GDNF stock was dissolved in sterile PBS and 100 ng/^l; concentrations 
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ranging from 1 ng/ml t0 !00 ng/m, were tested in tissue reconviction and hanging 
drop cuitures. TGF«, was provided by Dr. Marikki Laiho (Universe of Heisinki) 
I. was dissoived ,o nuke a 50 ng/„, stock, and concentrations ranging from ! pg/ml 10 
100 ng/m, were tested in cultures. Human recombinant HGF (Sigma or Co.iaborative 
5 B.omedicai was kept as a 50 ng/„, stock, and concentrations from .1 ng/m, to I00 
ng/ml were used in cuiture experiments. All growth factor stocks were stored a. - 
70'C until used. Culture medium was changed every second day. 

Antibodies 

Primar * antibodi « Eluded polyclonal antibodies to EHS^tumor laminin 
10 (G,bco), monoclonal antibodies to cytokeratin-8 (Amersham), p 0ly cl 0 nal antibodies to 
mouse LI neural cell adhesion molecule (Rathjen and Schachner. 1984),,nd polyclonal 
anybodies to rat brush border epitopes (Ekblom et al., 1980). Secondary antibodies 
compnsed rhodamine-conjugated goat-anti-mouse IgG and fluoresc^n-conjugated 
donkey-anti-rabbit IgG (Jackson Immuno-Research Lab.). E n ll mouse kidneys were 
stained using the collecting-duct specific stain anti-calbindin-D-28K (Davies 1994) or 
w.th monoclonal antibodies to cytokeratin-18 (Virtanen et al., 1985). In some 
experiments, ureteric epithelium was visualized by rhodamine-conjugated Dolichos 
^ra-agglutinin (Vector) at 25 /zg/ml. concentration. 



15 



20 



Whole-mount staining 

Organ rudiments, from embryos and cultures, were stained by the 
whole-mount immunocytochemical technique described by Sariola et al. (1988) with 
some modifications. Briefly, tissue explants were fixed in ice-cold methanol for 5 
mmutes, washed in PBS containing 11% sucrose and 1% bovine semm 
and incubated overnight in secondary antibodies, washed three times for two hours 
each « PBS, and mounted in Immumount (Shandon). All antibody incubations were 
done in Eppendorf tubes at +4*C. Hanging drop cultures were stained using a similar 
method but, immediately before fixation, they were attached to filters by either 
Matngel (Becton Dickinson) or 2% agarose in MEM. 
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Growth factor-soaked agarose beads 

For bead experiments, E r l3 rat kidneys, £,13 urogenital blocks, and 
E m ll mouse, bud-positive and bud-negative metanephric rudiments were cultured as 
described above. Separated E,13 rat kidneys, E r 13 urogenital blocks, and E m ll mouse 
5 bud-positive, and bud-negative metanephric rudiments were cultured as described above. 
Separated E; 13 kidney ureteric buds without metanephric mesenchyme were 
recombined with lung mesenchyme from the embryo. To prepare growth factor-soaked 
beads, agarose beads (Affi-gel Blue; BioRad) of 80 to 120 mesh were washed 
extensively in sterile PBS, then incubated in 5 M l of growth factor solutions (100 ng/ M l 
10 (GDNF), 50 ng//xl and 10 ng/ftl (GDNF, HGF and TGF01)) or in control 1 % 

BSA/PBS as described (Vainio et al., 1993). They were placed by a micro-capillary 
next to ureteric buds or Wolffian ducts of the embryos mentioned above, and also of 
EJl urogenital blocks (GDNF only) from transgenic mice deficient for cRet 
(Schuchardt et al., 1994). Tissues were cultured for three to five days with the beads 
15 and then processed by whole-mount immunohistochemistry. 



Example 1 

GDNF binds selectively to the tips of the ureteric bud epithelium 

We compared the expression patterns of cRet, GDNFR-a, and GDNFR 
mRNAs by :in situ hybridisation. Single-stranded antisense and sense cRNA probes 
20 were synthesised and labeled with 35 S-UTP (Amersham) using appropriate RNA 

polymerases. Rat GDNFR-a probe was cloned forward (nucleotides 294-313) 5' GCG 
GCA CCA TGT TAG CC 3' [SEQ ID NO:l] and reverse (nucleotides 1020-1039) 5' 
CAG ACT CAG GCA GTT GGG CC 3' [SEQ ID NO:2]. The identity of the cloned 
fragment was verified by direct sequencing with a Pharmacia A.L.F. automatic DNA 
25 sequencer. The c-ret probe spanned the tyrosine kinase domain of mouse c-ret 

(nucleotides 2534-3217; Pachnis et al., 1993). The cloning of rat GDNF probe for in 
situ hybridisation has been described in Suvanto et al., 1996, incorporated herein by 
reference. 

In situ hybridisation for sections was performed according to Wilkinson 
30 and Green (1990) with some modifications. Briefly, whole rat E r 13 to E r 17 embryos 
or dissected kidneys were fixed in fresh, neutral buffered paraformaldehyde (PFA) for 
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2 ho^ a. room tern™ or ovemighl „ ^ ^ 
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AX70 Provis microscope. „ ybridisation Z^TJZ^ ^ " ^ 
> in on* ,ow ground .abeiing (data „ ot sh J n) ^ — °~ ~ 

tre a , a „ * bindfa8 2SSayS - '- 2 " g ««—*«" human GDNF was 
treated w.th Chloramine T (Serva) for 3(Uin « „ ■ t 

[ I] Na (Amersham) and the reaction was stopped by Na S O a „H „ 7 

r 125 n «/qc c»^„ . « FH oy ^2^5 and Nal. Unbound Na 

[ I] was separated by gel ffltnitioil with s 

Speci„e Activity delermined ^ J^^£*>- 
«ac„on product, was approximately 100 ^mg. Kidneys ^ J * 
were mcubated a. room temperature with .Ong/m, „f ,» r . ODNF fo w 

ppi „„,.,„ _ . minutes in PBS, and were fixed in fresh buffered 4% 

- Puffin, and serial.y sectioned at 7#0B . Binding 0 f GDNF 
compe^d with 250-fo.d excess of utuabeied GDNF, and Kdneys w^ prTjfT 
aut„rad.ograp hy as described for in situ hybridisation (see *" 

of *e branches^ Z^Z^ ^ ^ ™ » - * 

expressed hv th* u ^ tt al - 1993 >- but w « not 

a", ^ ^ ^ rarae,Khyme M * iB - ^ned b y Liu ., 

cB,, k also He| ta.ch et al„ 1996; Suvanto et al 1 996) ^ 

Re . be,„ g expressed in condensing pretubuiar mesenchyme, in ear,y secrZ 
nephrons and in the tips of the ureteric epitneHum. ^ 

(FIG , G m " ! ?k T ^ Se ' eC,iVe,y '° ' iPS ° f *• urete * *«• branches 
(MO. 1 G,H), and the b aiding couiri h» ^ ♦ ^ "'«»»^nes 

mg could be competed out completely by a 250-fold excess 



WO 97/49798 PCT/IB97/00939 

- 17 - 

of unlabeled GDNF (FIG. 1H, insert). Very little binding was detected in the 
condensing nephrogenic mesenchyme and none in other regions of the kidney, for 
instance in subcapsular uniduced mesenchyme and smooth muscle layer ureteric pelvis, 
where GDNFR-/3 is expressed (see Suvanto et al., 1997). 



5 Example 2 

GDNF promotes ureteric budding from the Wolffian duct and affects ureteric 
branching 

Growth factor-soaked agarose beads were placed as follows; a) next to 
eariy E m ll. metanephric rudiments prior to ureteric budding from the Wolffian ducts; 
10 b) next to E m ll and E r 13 kidney rudiments that had already formed a small ureteric 
bud from the Wolffian duct; c) next to corresponding whole urogenital explants. In 
embryonic rat kidneys already possessing a branching ureteric bud, the GDNF-beads, 
soaked in. concentrations of 50 to 100 ng//il or GDNF, distorted the branch pattern by 
expanding the diameter of the nearby branches (FIG. 2A, B). They also induced the 
15 formation of supernumerary buds from the metanephric (precloacal) segments outside 
the metanephric field (the caudal mesonephric segment), where the Wolffian duct is not 
normally budding. (Fig. 2D; See Sainio et al., 1997 for the morphology of the 
Wolffian duct in mesonephros region). The average number of heterologous buds in 
the mesonephric segment was three (n=50). Most (85%) of the supernumerary buds 
20 were directed towards the GDNf-soaked beads. Only occasional, small supernumerary 
buds were induced by beads soaked in 10 ng//*l of GDNF. Beads soaked in 1 % BSA 
(n=41), or 1, 10 or 100 ng//d of TGF01 (n=15) or HGF (n=15) induced neither 
supernumerary budding from the Wolffian duct nor affected the number of branches in 
late embryonic kidneys (FIG. 2E, F), but beads soaked above concentrations of 
25 10ng/ftl of TGF/31 and HGF did increase the length of the normal ureteric branches, as 
already described (data not shown; see Ritvos et al., 1995; Woolf et al., 1995; Davies 
et al., 1995). When urogenital blocks from mouse embryos deficient for cRet 
(Schuchardt et al., 1994) were cultured with GDNF-soaked beads, the Wolffian duct 
(FIG. 2G,H), and the occasional ureteric buds present in these embryos showed no 
30 distortion of their branches by GDNF. 
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We also tested the effect of GDNF on isolated nephrogenic 
mesenchymes. Concentrations of 10 to 50 ng/ml of GDNF, in a chemically-defined or 
serum-supplemented culture media, neither induced epithelial differentiation nor any 
other morphological change. 

5 Example 3 

GDNF increases cell adhesion 

To determine the immediate effect of GDNF on ureteric epithelium 

oZTur^ UrcttriC bUdS ^ " " rop ^ - without 

GDNF, HGF or TGF01. Under these conditions , i.e., without a support matrix 

uds rema„, a* shed cells so that their epithelial morphology was disrupt 
(F.g.3A.B), However, in the presence of GDNF, the two buds in one hanging dtops 
soon ^«oge*er, shed only a few ceUs. and retained their epithet morphology 

15 ! ^ ° f ta hangin8 ^ « Stai,3r >° *°< °< °DNF (FIG 

3E.F). The-percentage of scanered cells in the bud cultures was 60, .0 and 10% in 

control, GDNF and HGF cultures restiectivelv T rp»i 

„„„,,,„. . . ' "^"vely. TGFfll response was characterised by 

complete dtssoctatton and extensive dead, of the cells, if TGFS! was applied a. 
concentrauons ^ve of 1 ng/ml. Below that concentration. TOm did no, have any 
effect on bud.fusion, their morphology or scattering of cells. 
20 , hk Ap ° PtOSiSOf,lKurete ™ 'P^lia. CI in hanging drop cultures was 
analyzed by the ApopTag .abeling a, (Oncor, based on the TUNEL techni q ue (in situ 
•ermma, transferase end-labeling of fragmented DNA; Gacrieli et a,., 1992 > according 
o the manufacturer's instructions with some modifications. Ureteric buds, after 24 
hours ■„ hanging drop culture with or without GDNF, were placed on filters and 
unmobthzed with a drop of 2% agarose. Tissues were fixed as whole-mounts in ,0% 
tomaltn, washed in PBS and post-fixed w ith 95% ethanol/5% acetic acid for 30 min 
Thereafter the manufacturer's step-by-step protocol was followed. The samples were' 
double sumed with fiuotescein-conjugated goa, anti-digoxigenin (Boehringer 

30 "* ra0n0C,0na ' M ' ib0dieS ^ C "- 8 ' *»— » famine- 

30 conjugated am-mouse IgG antibodies (Jackson Laboratories). 
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TUNEL-labeling of the ureteric buds in GDNF-or HGF-supplemented hanging drop 
cultures showed a decrease in the number of apoptotic cells as compared to buds 
growth .in control medium or buds supplemented with TGFjSl. 

The morphology of separated buds grown in hanging drop cultures with 
5 or without GDNF or HGF was further analyzed by electron microscopy. For electron 
microscopy, isolated ureteric buds, grown 24 hours in hanging drop cultures and 
thereafter glued on Nuclepore filters with agarose, and freshly isolated, E r 13 kidneys 
were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2. After ethanol 
dehydration, the samples were embedded in LX-112 resin (Ladd Research Industries, 
10 Inc.), sectioned and examined in a Jeol 1200 EX electron microscope. The results are 
depicted in FIG. 3G-I. The buds, grown in control medium, showed only few tight 
junctions and no basal lamina (FIG. 3G). In the buds grown with HGF or GDNf, the 
cells showed well-developed tight junctions (FIGs. 3H,I). Further, with GDNF, a thin 
basal lamina (FIG. 31), resembling the lamina densa of the basement membrane at the 
15 tip of the normal ureteric buds was present (FIG. 3J). 

To monitor the effect of GDNF and HGF on cell proliferation, separated 
ureteric buds were cultured in hanging drops as described above, and 5-bromo-2'- 
deoxyuridine (BrdU) cell labeling reagent (Amersham) was used according to 
manufacturer's instructions. Briefly, two E r 13 ureteric buds in each 30^1 hanging drop 
20 were cultured for 24 or 48 hours with or without 50 ng/ml GDNF in either chemically- 
defined 1-MEM or MEM supplemented with 10% FBS. The medium in the drop was 
then changed to fresh medium containing the BrdU-label. Cultures were incubated at 
+37 °C for 30 minutes to one hour, after which they were fixed for whole-mount 
immunohistochemistry. Monoclonal antibodies to BrdU (Amersham) were used for 
25 double-immunofluorescence-labeling with polyclonal LI neural cell adhesion molecules 
antibodies that served as an ureteric epithelial cell maker (Sainio et al., 1994). 
Because the isolated ureteric buds scatter cells in to the medium, the BrdU date reflect 
the mitotic index in the bud explants but not in the cells scattered in the cultured drop. 

The BrdU data were verified further by counting both the enzymatically 
30 dissociated and scattered cells of separated ureteric buds either immediately after the 
dissection or after 24 hours in hanging drop cultures with or without ectopic growth 
factors (FIG. 4). Culture media with scattered cells from 10 drops containing two 
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buds each were first pooled, collected to Eppendorf tubes and centrifuged The 
scattered cells in 20 M l were then pipetted to silanised objective slides, air dried at 
+37«C. fixed with neutralised 10% formaldehyde, rinsed in PBS and Hoechst 
fluorochrome 33342, counterstained with Harris hematoxylin and mounted with 
Immumount. The buds in each drop were collected and dissociated with 1 ml 
pancreatin-trypsin and trypsin-EDTA at +37«C for 20 minutes in separate Nunclon 3 
cm culture dishes. The dissociated cells were collected in a small volume under a 
stereo microscope and placed on silanised objectives slides, and drops were air dried 
fixed and stained as described above. Cells in each slide were visualized with an 
Olympus AX70 Provis microscope equipped with epifluorescence and the cells on each 
slide were counted with ImagePro-plus program. The viability of cells after 24 hours 
in culture was analyzed by their ability to exclude trypan blue. 

BrdU-labeling of the epithelial cell clusters remained low with or without 
GDNF, -indicating that GDNF does not primarily act as a mitogen upon the ureteric 
epithelial .cells. This result was verified by counting the number of bud cells 
immediately after the microdissection from the embryo and after 24 hours of hanging 
drop culture with or without GDNF or HGF (FIG. 4). Most cells in control, GDNF- 
and HGF-supplemented cultures were viable after 24 hours and excluded trypan blue 
Cells from TGF/31 cultures were not counted because of the total dissociation and 
extensive death of cells seen with TGF/31. The results in Figure 4 show that, without 
a proper mesenchymal support, neither GDNF nor HGF promoted proliferation of 
ureteric cells. 

A well-known culture model for epithelial morphogenesis is the 
branching growth of MDCK cell cysts in collagen matrices enriched with HGF 
(Montesano et al., 1991a). To compare the behavior of normal ureteric buds with that 
of the MDCK cells, we cultured isolated ureteric buds with or without GDNF and 
HGF in rat tail collagen gel, as described for MDCK epithelial cells (Montesano et al 
1991a). Rat tail collagen gels were prepared essentially as described by Montesano et 
al. (1991b). Briefly, 8 volumes of collagen stock solution was mixed with 1 volume of 
10 x concentrated MEM, 10% of FBS, and 1 volume of sodium bicarbonate (11 76 
mg/ml), the mixture being kept on ice to prevent gelation. 200 M 1 of the control or 
growth factor-containing (50 ng/ml of GDNF or HGF) mixture was added to each well 
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of the Nunclon 24-well culture dish and separated £,13 ureteric buds without 
metanephric mesenchyme were pipetted on to the gel. An additional 100 ^1 of the 
collagen mixture was placed on top of the tissues, and after gelation was complete a 
further 200 pi MEM with 10% FCS was added. During five days of culture, tissues 
were photographed each day under an Olympus phase contrast ZDH10 microscope. 
Neither of these growth factors induced branching of the ureteric epithelium under 
these conditions. 



Example 4 

Downregulation of GDNF expression and ureteric branching after desulphation of 
10 extracellular matrix glycosaminoglycans 

Present and previous work on ureteric bud development indicated that 
the processes of growth and branching may be controlled separately (Da vies et al., 
1995). Both can be inhibited completely when kidney rudiments are deprived of 
sulphated glycosaminoglycans (S-GAGs), by treatment with either chlorate ions 
15 (inhibitors of sulphation) or degradative enzymes such as heparitinase and 

chrondroitinase, and they can be rescued apparently independently when these S-GAG 
deprive rudiments are treated with exogenous factors. HGF will restore growth but not 
branching and, while no growth factor that can rescue branching has yet been reported, 
treatment of S-GAG deprived kidneys with the phorbol ester, phorbal 12-myristate 13- 
20 acetate (PMA), will activate branching but not growth (Davies et al., 1995). We used 
the following protocols to determine whether GDNF can activate ureteric bud growth, 
branching or both in S-GAG deprived kidneys. 

To inhibit the sulphation of extracellular matrix sulphated GAGs, E m ll 
kidneys were cultured and treated with chlorate as described by Davies et al. (1995). 
25 The medium of some cultures was supplemented with one of the following: a) 20mM 
NaC103 (BDH AnaLaR 10435); b) 50 ng/ml GDNF; c) 20mM NaC103 plus 50 ng/ml 
GDNF; d) 20mM NaC103 plus 100 ng/ml HGF; e) 20mM NaC103 plus 50 ng/ml 
GDNF plus 100 ng/ml HGF. Kidney rudiments were left to develop in these media 
for approximately 72 hours, then fixed for whole-mount immunohistochemistry and 
30 stained with antibodies against the collecting-duct specific stain anti-calbindin-D-28k. 
Alternatively, E ( 13 dissected rat kidneys were cultured as described, and heparitinase 
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III (Sigma) and chondroinnase ABC (Sigma) were added ,o the culture medium at 0 33 
U/m, each as described (Davies e, al., .995). The cutore medium was changed daily 
w«h fresh enzymes. A. the second day of the cu.«ure, either GDNF- or BSA-soaked 
agarose beads were added next to ureters and Wolffian ducts, and tissues we re cuitured 
»■ for addtttonal two days, and were then processed for whole-mount 
immunohistochemistry and Western blotting analysis. 

Sets of 12 kidneys, grown for 55 hours in medium described above as 
weli as without 20mM NaCi03, were homogenised in .00 „ of J-mercaptoethanol- 
containing Uemmli sampie buffer (Biorad), men their proteins were separate by SDS- 
PAGE (12.5% gel) and blotted on to Biorad transfer membranes. After transfer 
membranes were washed in PBS blorw in i or m i - 

. DD „ s ' Blocked ln 1 % Blocking agent (Amersham RPN 3023 

m PBS for 3 hours at room temperature, then incubated overnight at + 4°C in 0 5 
MM primary antibody (either chick anti-GDNF, Promega. or rabbi, anti cRe, Santa 
Cmz) „ PBS. They were then washed in 1% blocking agent and incubated in . 400 
secondary antibody (fluorescein anti-rabbi, or fluorescein ami-chicken, Sigma) for 3 
hours a, room temperature. After another wash, filters were probed with tertiary 
antibody (alkaline phosphatase ami-fluorescein, Amersham) in lOOmM Tris, 400mM 
NaCl P H 7.5 for 2 hours a, room temperature. They were men washed extensively 
and developed using the NBT/BCPIP reagent from Amersham's RNA Colour Kit 
(RPN330O). Molecular weights were measured against pre-stttaed molecular weigh, 
standards (Biorad). 5 

GDNF, but no, eRet, was downregulated in desulphated kidneys as 
shown by WesKrn blotting analysis (FIG. 5A). Ureteric epithelia of kidneys deprived 
of S-GAGs, through growth i„ desulphating media, showed neither extensive grow* 
nor branching (Fig . 5B). Treatment of S-GAG deprived kidney rudiments with 50 

a". IT If 1 "" 8rOWth n °' branChin8 ' 85 Sh ° W " V>™ « 

a... 1995). Addttion of GDNF partially restored the morphogenesis of ureteric buds 

causing branching bu, oniy little g r „wm (Fig. 5C>. Simuhaneous .reatmen, of S-GAG 

deprived rudiments with 50 ng/ml GDNF and 100n g /ml HGF did no. extend 

s.gnificantly the effect ma, was seen win, GDNF along (Fig. 5D ). When .he GDNF- 

conta.ning beads were used in desu,pha,ed kidneys, branching was slightly more 
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extensive than with GDNF added in the medium and the branches were often directed 
towards the bead (Fig. 5E). Beads soaked in 1% BSA showed no effect. 



Example 5 

Branching of early ureter bud in recombination cultures 

5 Thus far, the only embryonic mesenchymes that have been reported to 

support growth and branching of ureteric bud epithelium have been metanephrogenic 
(Grobstein, 1955; Sax6n, 1987) and lung mesenchymes (Kispert et al., 1996). To 
discover if this specificity is mediated by GDNF, we tested the effects of GDNF on 
early bud-stage E,13 rat ureteric epithelium that was recombined with undifferentiated 
10 heterologous mesenchymes from embryonic mouse or rat lung, salivary gland, limb 
bud, tooth or gut, following the procedure disclosed in Example 2 above. 

When recombined with lung mesenchyme, which expresses GDNF 
mRNA when tested by RT-PCR and GDNFR-ot by in situ hybridization, Suvanto et al. 
1997), the ureteric bud branched in a manner that correlated with the dose of 
15 exogenous GDNF (Table 1, Fig. 6A). Also, exogenous TGF/Jl and HGF added to the 
culture medium of ureteric bud-lung mesenchyme recombinations triggered branching 
(Table 1, Fig 6B,C). If the ureteric epithelium was microdissected later, at the T- 
bud-stage when the first two ureteric branches were already present, and recombined 
with E r 13 lung mesenchyme, ureteric branching was regularly promoted without any 
.20 exogenous growth factors (see Kispert et al., 1996). 

When E r 13 ureteric buds were recombined with isochronic mesenchymes 
from limb or tooth, the buds did not branch even if treated with GDNF, TGFA/31, or 
HGF. In limb mesenchyme recombinations the ureteric bud did not form branches 
with or without exogenous growth factors (Fig. 6D). In salivary gland mesenchyme 
25 recombinations, the ureteric buds maintained a rudimentary epithelial shape but did not 
elongate (Fig. 6E). Because gut is a rich source of GDNF (Hellmich et al., 1996; 
Suvanto et al., 1996), various segments and sizes of gut mesenchyme were recombined 
with ureteric buds, but they did not promote ureteric bud branching, not even if 
exogenous (GDNF up to 50 ng/ml was added. All these mesenchymes express 
30 GDNFR-a mRNA by in situ hybridization Suvanto et al., 1997). Branching of the late 
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T-bud-stage ureteric epithehurn was no, supported by ^ 
Example 6 

Method for treating diseases 

GDNF can be administered to patients with Hirschsprung's disease or 

e re n ;r„i:: * r ges are ~ to * *- — - ~ « - 

entenc neurons - ,„ the case of Hirschspntng's disease - and kidney ceils - in the 
case of rena, dyspasia. Of course, the appropriate dosage depends ^ ntune^ 
factors, such as the progression of the disease, patien, status, etc. However, proper 
dosages are readiiv detennined by persons of ordinary sm in the art „ is 

ZtSX" effec,ive dose wi " ,a " in te ran8e of ftom - - 

The foregoing exampies are mean, to iHuslrate the invention and do no, 
tan. .. n any way. Other apphcations « modiflcations are wiUtin the spirit and 
*ope of the .nvention as hetein disciosed and win be readiiy apparent to those skii.ed 
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What is claimed is: 



A method for maintaining ureteric cells in culture comprising culturing 
said ureteric cells in a medium containing GDNF. 



2. 



3. 



The method of claim 1 wherein the concentration of GDNF is from about 
1 ng/ml to about 100 ng/ml. 

The method of claim 1 wherein the ureteric cells are cultured as hanging 
drops. 



The method of claim 1 wherein the ureteric cells are cultured in collagen 
gels. 



5. 



A method for preventing apoptosis of ureteric cells comprising contacting 
said ureteric cells with GDNF. 

6. The method of claim 5 wherein the concentration of GDNF is from about 
1 ng/ml to about 100 ng/ml. 

7. A method for stimulating ureteric budding from the Wolffian duct in bud- 
negative 

metanephric mesenchymes comprising contacting said metanephric mesenchymes with 
GDNF. 

8- The method of claim 7 wherein the concentration of GDNF is from about 
1 ng/ml to about 100 ng/ml. 

9- The method of claim 7 wherein the concentration of GDNF is from about 
50 ng/ml to about 100 ng/ml. 

10. A method for stimulating ureteric branching from the Wolffian duct in 

bud-positive 
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metanephric mesenchymes comprising contacting said metanephric mesenchymes with 
GDNF. 

11. The method of claim 10 wherein the concentration of GDNF is from 

about 1 ng/ml to about 100 ng/ml. 

5 12. The method of claim 10 wherein the concentration of GDNF is from 

about 50 ng/ml to about 100 ng/ml. 

13. A method for stimulating ureteric branching comprising culturing early 
bud-stage ureteric epithelium with lung mesenchymes in the presence of a 
growth factor selected from the group consisting of GDNF, HGF, and 

10 TGFjBl. 

14. The method of claim 13 wherein the growth factor is GDNF. 

15. The method of claim 13 wherein the concentration of GDNF is from 
about 1 ng/ml to about 100 ng/ml. 

16. The method of claim 15 wherein the concentration of GDNF is from 
15 about 50 ng/ml to about 100 ng/ml. 

17. A method for treating Hirschsprung's disease or renal dysplasia 
comprising application of an amount of GDNF effective to prevent cellular 
apoptosis. 

20 18. A method for stimulating axonal outgrowth comprising contacting 

neuroblasts with GDNF. 
19. The method of claim 18 wherein the concentration of GDNF is from 

about 1 ng/ml to about 100 ng/ml. 



20. 

25 



The method of claim 18 wherein the concentration of GDNF is from 
about 50 ng/ml to about 100 ng/ml. 
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21. 



5 23. 



24. 



10 



26. 



A method for stimulating adhesion between ureteric cells comprising 
contacting said cells with GDNF. 



22 . The method of claim 21 wherein the concentration of GDNF is from 

about 1 ng/ml to about 100 ng/ml. 



The method of claim 21 wherein the concentration of GDNF is from 
about 50 ng/ml to about 100 ng/ml. 

A method for stimulating the synthesis of basil lamina on ureteric cells 
comprising contacting said cells with GDNF. 



25. The method of claim 24 wherein the concentration of GDNF is from 

about 1 ng/ml to about 100 ng/ml. 



The method of claim 24 wherein the/ concentration of GDNF is from 
about 50 ng/ml to about 100 ng/ml. 
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